Performance analysis of transparent perforated solar collectors for air preheating, for three different building claddings  by Bussières, Geneviève
 Energy Procedia  30 ( 2012 )  534 – 541 
1876-6102 © 2012 The Authors. Published by Elsevier Ltd.
Selection and/or peer-review under responsibility of PSE AG
doi: 10.1016/j.egypro.2012.11.063 
SHC 2012 
Performance analysis of transparent perforated solar 
collectors for air preheating, for three different building 
claddings 
Geneviève Bussièresa* 
aNatural Gas Technologies Centre, 1350 Nobel, suite 150, Boucherville , Québec, J4B 5H3, Canada 
 
Abstract 
Greenhouse gas emissions could be reduced by using renewable energy sources such as solar air preheating. 
Transparent perforated solar collectors (TPSC) are a relatively new technology with a solar coefficient – performance 
factor - of 1.20 (when backed with a black metal cladding) [1]. The following trends were observed in a real-weather 
environment during the first year of the project: 
x TPSC, when backed with a black cladding, offers the highest efficiency compared with a metallic perforated 
collector – 9.7% monthly-average increase for solar intensity over 550 W/m2 
x TPSC backed by the black cladding offers the greatest energy savings potential, while the white-cladding-backed 
TPSC captures about 68% of this energy (monthly average) 
x There is a potential for energy storage for TPSC backed with the brick cladding. 
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Nomenclature 
 
Ag  Solar collector surface (m2) 
Cp  Air specific heat at average air temperature Ti and Te (J/kg °C) 
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Di  Preheated air volume (m3) 
dT Air temperature rise 
Eair Solar energy transferred to the air 
GHG Greenhouse gases 
It  Solar radiation (W/m2) 
MPC Metallic perforated collector 
PF  Performance factor 
Te Outside air temperature (°C) 
Ti Preheated air temperature (°C) 
TPSC Transparent perforated solar collector 
ρ Air density at air temperature Ti (kg/m3) 
ηpeak Collector peak solar radiation efficiency 
ηtotal Collector total solar radiation efficiency 
1. Background 
Despite the interest in combating climate change, greenhouse gases (GHG) are still on the rise. 
Moreover, a GHG record was reached in 2011 [2]. Many governments have fixed objectives to slow 
down this trend. In order to achieve these objectives, renewable energy, such as solar air preheating, 
could be integrated for heating and process applications. A new type of solar air collector – namely, the 
transparent perforated solar collector (TPSC), developed by Enerconcept Technologies – recently arrived 
on the market (see Fig. 1). Its design facilitates integration with the building surface, while offering the 
highest efficiency under CAN/CSA F-378 Solar Collectors [3], when compared to the best-known 
technology, i.e., the metallic perforated collector (MPC). In order to gain better knowledge of this 
technology, a comparative evaluation is being carried out in real-life weather conditions of Québec’s 
climate over a two-year period. 
 
Fig. 1. Transparent perforated solar collector (TPSC) [4] 
536   Geneviève Bussières /  Energy Procedia  30 ( 2012 )  534 – 541 
This real-life weather condition evaluation allows for an analysis under a wide range of solar radiation 
intensities for varying sun orientations, which are not considered in the Canadian solar testing 
standard [3] using direct solar radiation of 900 W/m2. The test plan was developed with respect to 
comparing TPSC technology with the best-known collector, i.e., the metallic perforated collector (MPC), 
and to evaluating the building cladding impact on TPSC performance. Note that first year project results 
are presented in this paper. 
2. Monitoring test bench 
Four sections of 18.4 m2 solar collectors were installed onto an exterior south-west-facing wall: three 
sections of TPSC with various building envelope constructions (brick, black metal cladding, white metal 
cladding) and one section of a black metallic perforated collector. The four test sections are illustrated in 
Fig. 2. 
 
 
Collector 1 
TPSCbrick 
Collector 2 
TPSCblack 
Collector 3 
TPSCwhite 
Collector 4 
MPCblack 
Fig. 2. Tested solar air collector installation 
Solar air collector performance is evaluated with respect to the influence of the building cladding on 
which the TPSC is installed, as well as the technology impact, TPSC and MPC for the same black color. 
The air temperature rise (Equation 1), solar energy transferred to the air (Equation 2), peak solar radiation 
efficiency (Equation 3), total solar radiation efficiency (Equation 4), and performance factor (Equation 5) 
are measured and analyzed for each solar collector, for real weather conditions with continuous monitored 
data (outside air temperature, preheated air temperature, air flow, and solar radiation). 
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3. Performance analysis 
3.1. Efficiency comparison: TPSC backed with black building envelope vs. black perforated metallic solar 
collector 
The air temperature rise of the MPC and black-cladding-backed TPSC follows the solar radiation and 
reaches a similar level. As seen in the example follow-up in Fig. 3, the TPSC air temperature rise is 
slightly more elevated than the MPC rise for high solar radiation.  
 
Fig. 3. Follow-up example of air temperature rise (dT), outside air temperature and solar radiation for TPSC and MPC 
At first, a comparative peak efficiency evaluation of these two solar collector technologies was then 
performed for solar radiation exceeding 550 W/m2 (ηpeak). The solar radiation level proposed in the CSA 
standard [3], 900 W/m2, was not retained in this study as the lower limit for the calculation of the peak 
efficiency since the occurrence in Québec weather conditions was too low. As illustrated in Fig. 4, with 
the slope of the air preheating energy in relation to solar energy received by the collector, the peak 
efficiency of the black-cladding-backed TPSC is 0.68, with an MPC peak efficiency of 0.62. This allows 
for an average performance factor of 1.1, which is slightly lower than the published performance factor of 
1.2 [1]. This could be explained by the transitory regime of the real operating conditions.  
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Fig. 4. Air preheating energy versus solar energy, It>550 W/m2, 20.3 L/s∙m2 for TPSC and MPC 
Overall, however, i.e., for the complete range of solar radiation, the monthly energy data offers a total 
efficiency of 0.58 and 0.55 respectively for TPSC backed with black cladding and for MPC. Thus, the 
black-cladding-backed TPSC prevents the usage of 1.14 m3 natural gas equivalent/m2 of solar 
collector/GJ solar energy, representing 9% more energy than the MPC, based on a monthly average and 
natural gas efficiency system of 85% (see Fig. 5). 
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Fig. 5. Monthly air preheating energy, It>4 W/m2, 20.3 L/s∙m2 for TPSC and MPC 
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3.2. Influence of building cladding on TPSC performance
The monitored data show that the air temperature rise for TPSC backed on black and white claddings
follows solar radiation: the temperature increases immediately from sunrise, then decreases right from 
sunset. In contrast, the TPSC backed with brick cladding offers a slower air temperature rise, lower 
temperature increase and slower air temperature fall, even if solar radiation has disappeared (see blue
circle in Fig. 6). The brick cladding offers meaningfully lower peak air preheating energy, but 
significantly extends the duration of the solar preheating period, which implies energy storage and a 
longer, but less intense, load reduction.
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Fig. 6. Follow-up example of air temperature rise (dT), outside air temperature and solar radiation for TPSC installed on various
claddings
As illustrated in Fig. 7, the peak efficiency for a high level of solar radiation is 0.68 for the black 
cladding, followed by the white cladding and the brick cladding, whose respective efficiencies are 0.50
and 0.37. It is interesting to note that the white cladding, with its less absorbent color, offers a higher 
TPSC efficiency than the brick cladding. TPSC offers total efficiency, meaning for the complete range of 
solar radiation, of 0.58, 0.46 and 0.41 respectively for black, brick and white claddings. As observed, the 
trend is reversed for white and brick claddings, which demonstrates the energy storage phenomenon 
offered by the bricks.
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Fig. 7. Air preheating energy versus solar energy, It>550 W/m2, 20.3 L/s∙m2 for TPSC installed on various claddings 
Thus, the total air preheating energy, i.e., for a complete range of solar radiation, confirms the trend 
seen for brick cladding: a 25% higher energy potential is offered by the brick cladding than the white 
cladding, which also represents 84% of the black cladding. That respectively prevents the usage of 1.14, 
0.96 and 0.77 m3 natural gas equivalent/m2 of solar collector/GJ solar energy for black, brick and white 
claddings. All in all, even if the maximum solar energy may not always be recovered, depending on 
cladding type, a significant level of air preheating energy could be obtained when a TPSC is integrated on 
the building. Furthermore, doing so facilitates solar preheating integration on existing buildings, as well 
as preserving their design.  
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Fig. 8. Monthly air preheating energy, It>4 W/m2, 20.3 L/s∙m2 for TPSC installed on various claddings 
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4. Main conclusions and continuation 
Table 1 summarizes the trends which were observed for the TPSC and MPC in a real-weather 
environment under Québec climate conditions during the project’s first year, these being:  
 
x TPSC, when backed with a black cladding, offers the highest efficiency compared with MPC: 9.7% 
monthly-average increase for solar intensity over 550 W/m2 
x Black-cladding-backed TPSC offers the greatest energy preheating potential, while TPSC backed by 
the white building envelope offers the lowest preheating potential and captures about 67% of this 
energy 
x There is a potential for energy storage for TPSC backed with the brick cladding. 
 
Note that a second year of measurement has now begun, so as to enable validation of these numbers 
and trends, as well as the performance stability of the TPSC collector over time. 
Table 1. Summary of first-year field solar collector evaluation, 20.3 L/s∙m2 
Parameters TPSC brick TPSC black TPSC white MPC 
Peak efficiency 
efficiency 0.37 0.68 0.50 0.62 
Peak efficiency 
comparative - performance factor (TPSC/MPC) 60% 110% 81% reference 
Annual preheating potential (2011-2012) 
m3 natural gas equivalent/m2 collector∙year 49.9 59.2 39.8 54.4 
Annual preheating potential (2011-2012) 
comparative (TPSC/MPC) 92% 109% 73% reference 
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